The aim of this study was to estimate the economic benefits and costs of a range of interventions to improve access to water supply and sanitation facilities in the developing world. associated with better access to water and sanitation services, contributing at least 80% to overall economic benefits. One-way sensitivity analysis showed that even under pessimistic data assumptions the potential economic benefits outweighed the costs in all developing world regions. Further country case-studies are recommended as a follow up to this global analysis.
INTRODUCTION
In the developing world, diseases, associated with poor water and sanitation have considerable public health significance. In 2004, it was estimated that 4% of the global burden of disease and 1.6 million deaths per year were attributed to unsafe water supply and sanitation (WS&S), including inadequate personal and domestic hygiene (Prü ss et al. 2002; World Health Organization 2003) . This corresponds to 61 million disability-adjusted life-years lost In order to increase the rate at which new populations have access to improved water supply and sanitation services, further advocacy is needed at international and national levels to increase the resource allocations to these services, and at population level to increase service uptake.
In the current climate where poverty reduction strategies dominate the development agenda, the potential productivity and income effects of improved services is a significant argument to support further resource allocations to water supply and sanitation. While cost-effectiveness analysis is the method of choice for resource allocation decisions in the health sector (Tan-Torres Edejer et al.
2003)
, at present cost-benefit analysis remains the form of economic evaluation most useful for resource allocation between government-financed activities and within productive sectors (Hutton 2000; Curry & Weiss 1993; Layard & Glaister 1994) . In this discussion it is important to distinguish between social cost-benefit analysis, which measures the overall welfare impact of interventions, and financial cost-benefit analysis, which measures only the direct financial implications of an intervention. The former -social cost-benefit analysis -is advocated for use in government decisions as it is more comprehensive, reflecting an intervention's overall impact on societal welfare.
In essence, an economic evaluation compares the value of all the quantifiable benefits gained due to a specific policy or intervention with the costs of implementing the same intervention. If benefits and costs are expressed in a common monetary unit (such as US dollars), as in cost-benefit analysis, it is possible to estimate if the total benefit of an intervention exceeds the total cost, and the annual rate of return on the investment. While there are many criteria for allocating resources between different ministries and government programmes, the relative economic costs and effects of different programmes and interventions remains an important one (Drummond et al. 1997) . Furthermore, by identifying who benefits in welfare terms from development activities, cost-benefit analysis can assist in the development of equitable but sustainable financing mechanisms. Ideally, both costs and benefits should be disaggregated by different government ministries, donors, private households, commercial enterprises, and so on. Therefore, cost-benefit analysis should not only aim to provide information on economic efficiency, but also provide other policy-relevant information on who benefits and therefore who may be willing to contribute to the financing of interventions.
Despite the substantial amount of resources being allocated to water and sanitation activities worldwide, there are surprisingly few published economic evaluations of water and sanitation interventions (Hutton 2001) . The grey literature is richer in different types of economic analysis, especially Development Banks (e.g. World Bank) through their process of project assessment before a project is financed. One global cost-benefit analysis was previously published by the World Health Organization, and those results have been revised for this present paper (Hutton & There are also further improvements which make the water or sanitation services safer, or more convenient: † Water disinfection at the point of use. In this study, the use of chlorine is examined. † Personal hygiene education. † Regulated water supply through a household connection, giving water that is safe for drinking, and sewer connection, where sewage is taken away for off-site treatment and disposal.
Based on these different improvements, five "interventions" 
Geographical focus
The population of the globe was separated into subgroups of countries on the basis of having similar rates of child and adult mortality. This resulted in 11 developing country 
Cost measurement
The cost analysis is an incremental cost analysis, with estimation of the costs of extending coverage of water supply and sanitation services to those currently not covered. Incremental costs consist of all resources required to put in place and maintain the interventions, as well as other costs that result from an intervention. These are separated by investment and recurrent costs, reported in tanks and latrines, ongoing protection and monitoring of water sources, and continuous education activities. For the more advanced intervention 'regulated piped water supply and sewer connection', the costs of water treatment and distribution, sewer connection and sewage treatment, and regulation and control of water supply are also included.
For the initial investment cost of WS&S interventions, the main source of cost data inputs was the data collected (2007) . The source of cost data for water purification using chlorination at the point of use was taken from a more recent study (Clasen 2006) .
The estimation of running costs was, however, problematic due to lack of previous presentation of recurrent and investment costs in the peer-reviewed literature. Therefore, an internet search was conducted to identify expenditure statements (or budgets) of water and sanitation projects such as those of development banks, bilateral governmental aid agencies, and non-governmental organisations. The data extracted from this literature allowed estimations to be made of the annual per capita recurrent costs as a proportion of the original annual investment costs per capita, for different intervention and technology types. The recurrent cost data inputs are provided in Haller et al. (2007) .
Health effects
Knowledge of the health effects of the five interventions is important not only for a cost-effectiveness analysis, but also for a cost-benefit analysis as some important economic benefits depend on estimates of health effect. Over recent decades, compelling evidence has been gathered that significant and beneficial health impacts are associated with improving water supply and sanitation services (Fewtrell et al. 2005) . The analysis has been restricted to infectious diarrhoea as it accounts for the main disease burden associated with poor water, sanitation and hygiene (Prü ss et al. 2002) . Infectious diarrhoea includes cholera, salmonellosis, shigellosis, amoebiasis, and other bacterial, protozoal and viral intestinal diseases. These diseases are transmitted by water, person-to-person contact, animal-tohuman contact, and food-borne and aerosol routes. As diarrhoea is the main disease burden from poor water and sanitation, for which there is data for all regions on incidence rates and deaths (Murray & Lopez 2000; Prü ss et al. 2002) , the impact on diarrhoeal disease is used in this study as the principal health outcome measure with an economic burden. Therefore, including only infectious diarrhoea will lead to a systematic underestimation of 
Non-health benefits
There are many and diverse potential benefits associated with improved water and sanitation, ranging from the easily identifiable and quantifiable to the intangible and difficult to measure (Hutton 2001) . A social cost-benefit analysis should include all the important socio-economic benefits of the different interventions included in the analysis, which includes both cost savings as well as additional economic benefits resulting from the interventions, compared with a do-nothing scenario (that is, maintaining current conditions) (Sugden & Williams 1978; Curry & Weiss 1993; Layard & Glaister 1994; Drummond et al. 1997) .
Due to problems in measurement and valuation of some of the economic benefits arising from water supply and sanitation interventions, the aim of this present study is not to include all the potential economic benefits that may arise from the interventions, but to capture the most tangible and measurable benefits. Some less tangible or less important benefits were left out for three main reasons: the lack of relevant economic data available globally (Hutton 2001) ; the difficulty of measuring and valuing in economic terms some types of economic benefit (Hanley & Spash 1993; North & Griffin 1993; Field 1997) ; and the context-specific nature of some economic benefits which would reduce their relevance for a global cost-benefit analysis study.
For ease of comprehension and interpretation of findings, the benefits of the water supply and sanitation improvements were classified into three main types: (1) direct economic benefits of avoiding diarrhoeal disease; (2) indirect economic benefits related to health improvement; and (3) non-health benefits related to water supply and sanitation improvement. As a general rule, these benefits were valued in monetary terms -in United States Dollars (US$) in the year 2000 -using conventional methods for economic valuation (Curry & Weiss 1993; Hanley & Spash 1993; Field 1997) . Details concerning the specific valuation approaches are described for each benefit below.
(1) Direct economic benefits of avoiding diarrhoeal disease
The direct economic benefits of health interventions consist partly of costs averted due to the prevention or early treatment of disease, and thus lower rates of morbidity and mortality. 'Direct' includes "the value of all goods, services and other resources that are consumed in the provision of an intervention or in dealing with the side effects or other current and future consequences linked to it" (Gold et al. 1996, page 179) . In the case of preventive activitiesincluding improvement of water supply and sanitation services -the main benefits (or costs avoided) relate to the health care and non-health care costs avoided due to fewer cases of diarrhoea. The savings associated with other water-based diseases are excluded as only diarrhoeal disease was included in this study. Non-health sector direct costs are mainly those that fall on the patient, costs usually related to the visit to the health facility, such as transport costs to health services, other visit expenses (e.g. food and drink) and the opportunity costs of time. The most tangible patient cost included was the transport cost, although there is a lack of data reported on average transport costs. In the base case it was assumed that 50% (range 0%2 100%) of diarrhoeal cases seeking formal health care take some form of transport at US$0.50 per return journey, excluding other direct costs associated with the journey. Other costs associated with a visit to the health facility were also assumed such as food and drinks, and added to transport costs, giving US$0.50 per outpatient visit and US$2 per inpatient admission. Time costs avoided of treatment seeking are assumed to be included in the time gains related to health improvement.
(2) Indirect economic benefits related to health improvement A second type of benefit is the productivity effect of improved health (Gold et al. 1996) . These are traditionally split into two main types: gains related to lower morbidity and gains related to fewer deaths. In terms of the valuation of changes in time use for cost-benefit analysis, the convention is to value the time which would be spent ill at some rate that reflects the opportunity cost of time. It is argued that whatever is actually done with the time, whether spent in leisure, household production, or income-earning activities, the true opportunity cost of time is the monetary amount which the person would earn if they were working (Curry & Weiss 1993) . However, given that many of the averted diarrhoeal cases will not be of working age, the population is divided into three separate groups and their time valued differently: infants and nonschool age children (children , 5 years); school age children until 15; and adults (age 15 and over).
For those of working age, the number of work days gained per case of diarrhoea averted is assumed to be 2 days per case. The value of time is taken as the Gross National Income (GNI) per capita in the year 2000, as it reflects the average economic value of a member of society for each country, and the information collected internationally on GNI per capita is more reliable than minimum wage rates.
Also, from an equity perspective, it is appropriate to assign to all adults the same economic value of time, so that high income earners are not favored over low or non-income earning workers or men over women.
For children of school age, the impact of illness is to prevent them from going to school, thus interrupting their education. It is assumed that each case of diarrhoea in children of school age results in 3 days off school per case.
Given the recognised importance of proper schooling for future productivity as well as the overall welfare of society, it is important to value explicitly the social and economic implications of children missing school due to ill health For infants and children not of school age (under 5), it is likely that the carer of the child must spend more time caring for the child than is otherwise the case, or alternative child care arrangements must be made that impose an additional cost. The expected time ill per case of diarrhoea for a young child is assumed to be 5 days, which reflects the average of breast-fed infants (3.8 days) and formula-fed infants (6.2 days) in Mexico (Lopez-Alarcon et al. 1997) . For the valuation of this illness time, it would not be wholly justifiable to give young child days a valuation of the full GNI per capita. However, in recognition of the opportunity cost of the child's carer, who would have been doing other productive activities with the time they cared for the sick child, a daily value is taken at 50% of the GNI per capita.
In terms of deaths avoided due to diarrhoea following improved water supply and sanitation services, the expected number is predicted from the health impact model as the number of diarrhoeal cases multiplied by the case fatality rate (unpublished data, World Health Organization). The convention in traditional cost-benefit analysis is to value these deaths avoided at the discounted income stream of the avoided death, from the age at which the person is expected to become productive (Suarez & Bradford 1993) . Therefore, to predict the economic costs of premature mortality, the study estimates the number of productive years left to each of the three major age categories (under 5, 5 -14, and over 15 years of age), then estimates the income that would be earned from averted fatalities, and discounts the income to the present time period at a discount rate of 3%. For those not yet in the workforce (those in the 0 -4 and 5 -15 age brackets), the current value for the future income stream is further discounted to take account of the lag before these individuals are assumed to be working. The value of time is taken as the GNI per capita for the year 2000. A realistic variation should also be reflected for the value of time, given its key importance in this study as an economic benefit. An alternative lower bound value to the use of GNI per capita as the base case is proposed by WHO, based on an IMF study (Senhadji 2000) . This study suggests that people, on average, adults value their time at roughly 30% of the GNP per capita. In the optimistic scenario, the minimum wage was applied. World Bank data do not provide a minimum wage in all countries included in the present study. In general, in most countries where one exists, the minimum wage exceeds the GNI per capita. For countries without a minimum wage value, the WHO subregional average is applied.
For diarrhoeal disease incidence, low and high values were based on halving and increasing by 50% the base case incidence rates, respectively. For intervention costs, low and high cost values were substituted in the model based on 
RESULTS

Numbers of people reached
Predicted health impact
Days gained from less illness
The number of days gained due to lower incidence of diarrhoea in adults, children and infants varies considerably. The distribution of days of illness avoided, by subregion and by age group is illustrated in Figure 1 Convenience time savings 
Economic value of all benefits together
The economic benefits presented above are aggregated and presented in Table 3 by WHO sub-region. The global value ranges from US$23 billion for the water MDG, to US$219 billion for WS&S MDG, and upwards of US$400 billion for universal basic access. Figure 3 shows that WPR-B takes the largest share of total economic benefits (36%), followed by 
AMR-B (22%) and SEAR-D (19%). The African sub-regions
together account for only 9% of the global economic benefit due to the relative GNI per capita values, which were used to value convenience time savings, productivity impact of improved health status and averted deaths. The relatively high share in AMR-B is due to the higher GNI per capita in that region (upward of US$4,000 per capita for the larger countries in the region such as Mexico and Brazil), and large population size in AMR-B of 0.53 billion.
The share of overall benefits contributed by different categories of benefit is presented in Figure 4 for the WHO sub-region AFR-D, for the WS&S MDG. The results show that the value of time savings due to more convenient services dominates the other benefits, contributing 82% of the overall economic benefits, followed by value of averted deaths (9%), health sector costs (4%) and value of morbidity giving more adult work days and children school days, and less children , 5 sick days (5%). Table 4 shows the estimated costs of achieving the targets defined by the five interventions, by world sub-regions. Cost-benefit ratios Table 4 shows the benefit-cost ratios for developing country convenience time gain assumptions; value of time assumptions; diarrhoeal disease incidence assumptions; and intervention cost assumptions. The Figs. show the benefitcost ratios to be highly sensitive to the input values in three of the four sensitivity analyses. The greatest impact is when a high intervention cost assumption is used, and also the alternative time gain and time value assumptions have considerable impact on the benefit-cost ratio. However, in none of the four one-way sensitivity analyses did the benefit-cost ratio become less than 1.0, which would have lead to a change in overall study conclusion. On the other hand, when two-way or multi-way sensitivity analyses are performed using pessimistic assumptions, thus combining different types of uncertainty, the benefit-cost ratio becomes less than 1.0. However, such an extreme analysis was not considered appropriate, as it would lead to a negative study conclusion that is not perhaps warranted by the actual level of uncertainty in the model variables. Furthermore, the sensitivity analysis was incomplete, in the sense that some types of uncertainty relating to variable inclusion could not be tested due to lack of data or complexity of analysis. For example if some of the potential economic benefits relating to home production or agricultural activities had been included for contexts where such benefits are relevant, the benefit-cost ratios could have been considerably higher.
Intervention costs
DISCUSSION
Interpretation of main findings
In interpreting the impressive cost-benefit ratios presented in this study, an important caveat needs to be noted. The caveat relates to the fact that the study presented is a social
and not a financial cost-benefit analysis. The measure of economic benefit is social welfare in the broadest sense, and focuses on a hypothetical although real set of benefits, as opposed to tangible and financially measurable benefits.
A distinction is useful between the costs and benefits part of (Hanley & Spash 1993; Georgiou et al. 1996; Field 1997) . These various benefits were excluded for reasons of lack of data on impact and difficulties in making assumptions, difficulties in valuation, or because their benefit was expected to be small compared with other benefits included.
Financing considerations
While cost-benefit analysis can be carried out to identify clearly all the beneficiaries and the (potential) financers of development projects, the analysis does not provide answers to the question of who should pay or where the funding will come from. This represents a particular challenge to economic evaluation when health care interventions have non-health sector costs and benefits, as the objective of the health ministry -"to maximise health with a given budget" -may come into conflict with other societal objectives, including the maximisation of nonhealth related welfare. If all costs and benefits are included in a cost-benefit analysis, then a full analysis can be made of financing options.
One of the problems associated with identifying beneficiaries in order to identify those willing to pay for the costs is that the main beneficiaries (patients, and the population more generally) do not always understand the full benefits until after the investment has taken place. There is one group of potential beneficiaries where the financing constraint is easier to overcome. Many households incur costs for their existing supply of water, for example those who purchase their water (e.g. bottled water
or from a local water vendor or delivered by tanker truck)
or those who treat their water by boiling or filtering it. In their case, when an alternative low-cost WS&S intervention is delivered, the cost saving from switching away from more expensive water options may lead to a net financial gain. In such cases, households need to be made aware of the opportunities for alternative low-cost WS&S interventions which will lead to a net welfare gain, including a potential financial saving.
In terms of whether the health sector would be interested in financing the interventions, in most regions and for most interventions the health sector is unlikely to be interested or capable to pay a significant contribution to the overall costs. This is because hardware interventions for WS&S are outside the core activity of a health ministry, but also because the real savings to the health sector are negligible in comparison to the annual intervention costs, as shown in this analysis. Benefits of improving access to safe water and sanitation accrue mainly to households and individuals. Compared to the potential cost savings reported in this study, it is unlikely that the health sector will ever be able to recover these costs, as only a small proportion are marginal costs directly related to the treatment cost of the health episode. In fact, as most health care costs such as personnel and infrastructure are fixed costs which do not change with patient throughput in the short-term, the real cost saving is probably insignificant. On the other hand, when considered from the social welfare angle, the reduced burden to the health system due to less patients presenting with diarrhoea will free up capacity in the health system to treat other patients. Furthermore, the health system can play a role in leveraging resources and funds from other sectors or from financing agents, to fill financing gaps.
The implication of these arguments is that there should exist a variety of financing sources for meeting the costs of water supply and sanitation improvements, depending on the income and asset base of the target populations, the availability of credit, the economic benefits perceived by the various stakeholders, the budget freedom of government ministries, and the availability of non-governmental organisations to promote and finance water and sanitation improvements. However, it is clear that the meagre budget of the health sector is insufficient to finance water supply and sanitation improvements. On the other hand, it can play a key role in providing the 'software' (education for behaviour change) alongside 'hardware' interventions, involving the close technical cooperation of the health sector.
CONCLUSIONS
This study has shown that there is a strong economic case for investing in improved water supply and sanitation services, While these findings make a strong case for investment in water supply and sanitation improvement, it should be recognised that many of the benefits included in this analysis may not give actual financial benefits. For the time gains calculated or the number of saved lives, these do not necessarily lead to more income-generation activities.
Also, for the averted costs of health care for diarrhoea cases, these savings to the health sector and the patient may not be realised as the greatest proportion of health care costs are usually fixed costs. On the other hand, it is clear that populations do appreciate time savings, such as the benefits of more time spent at school for children, less effort in water collection (especially women and children), less journey time for finding places to defecate, or more leisure time. In the recognition that these non-health and non-financial benefits are important to take into account in a study on social welfare, this analysis has shown that these benefits are potentially considerable and provide a strong argument for investment in improved water supply and sanitation.
Further country case-studies are recommended as a follow up to this global analysis.
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